23 24 25 Abstract Word Count: 204 26 Text Word Count: 4,972 27 28 29 2 Abstract. 30 Sooty mangabeys (SMs) are a natural host species of simian immunodeficiency virus (SIV) and 31 avoid acquired immune deficiency syndrome (AIDS) despite persistently high viral loads, making 32 them a pivotal research model for HIV pathogenesis. Unlike pathogenic SIV infection of macaque 33 species, or HIV infection of humans, SIV-infected SMs maintain gastrointestinal barrier integrity.
overall diversity of the fecal microbiome. When comparing uninfected controls and chronically 193 SIV-infected SMs, we observed no statistically significant differences in microbiota alpha 194 diversity when examining operational taxonomic units (OTUs) as assessed by either the chao1 and 195 Shannon metrics ( Fig. 2A) , as well as for beta diversity using the unweighted UniFrac metric 196 which measures for differences between the cohorts (Fig. 1B) . Similarly, we did not observe a 197 difference in diversity metrics associated with SIV status when we compared the indoor and the 198 outdoor-indoor groups separately ( Fig. 2A) . 199 200 We then assessed for global taxonomic genera differences and included a comparative analysis for 201 each part of the study for Lactobacillus and Prevotella, as previous literature have reported these 202 genera have a significant impact on mucosal immunity in SIV or HIV pathogenesis (29) . The genus 203 Lactobacillus has been correlated with the inhibition of IDO1 activity, and helping preserve 204 mucosal TH17 CD4+ T cells and gastrointestinal mucosal integrity (30). Fecal Lactobacillus 205 levels have been reported to decrease in pathogenic SIV infection of RMs, but increase in non-206 pathogenic infections of African green monkeys as they progress from acute to early stages of 207 chronic infection (30) . Here, when we contrasted SIV-negative vs SIV-infected SMs, we did not 208 observe a significant difference in the levels of Lactobacillus (Fig 2C) . We also tested for 209 differences in the genus Prevotella, as it has been reported to be enriched in PLWH, and has been 210 associated with chronic immune activation and inflammation (31). Here, we did not observe 211 significant differences for Prevotella levels between chronically SIV infected SMs and uninfected 212 animals (Fig 2C) . Collectively, these data show that chronic SIV infection in SMs has a minimal 213 impact on microbial diversity, bacterial community richness, and overall community structure. 214 Similarly, we did not observe enrichment or loss of potentially beneficial or pathogenic taxa.
215
Early chronic SIV infection in macaques is associated with lowered community diversity. A 217 primary goal of our study was to test if the fecal microbiome of non-pathogenic SMs either 218 harbours lower levels of pathobionts, or conversely, causes enrichment of beneficial taxa relative 219 to pathogenic species. In order to make an effective interspecies comparison, we collected fecal 220 samples from 30 diet-matched animals, 15 uninfected RMs and 15 RMs at the early stages of 221 chronic SIV infection (38-51 d.p.i.) . Overall, the community structure of the fecal microbiome 222 was highly similar to that reported previously for rhesus (30), pig-tailed (20), and cynomolgus 223 macaques (32), with the predominant phyla being Firmicutes, Bacteroidetes, Proteobacteria, and 224 Spirochaetes (Fig. 1C) , and was also similar to that described for SMs ( Fig. 1C) . Previous studies 225 have described microbial dysbiosis, and reduced alpha diversity associated with SIV infection (22, 226 30). Similarly, we observed a trend of alpha diversity reduction, although at insignificant levels, 227 represented by the chao1 and Shannon diversity metrics ( Fig. 2A) , as well as an increase of 228 dissimilarities between the cohorts shown by the unweighted UniFrac metric (Fig. 1B) . In contrast 229 to prior reports(30), the phylogenetic phylum Proteobacteria's abundancy significantly reduced 230 with SIV infection (Fig. 2B) , while all other phyla had no significant changes( Fig. 2B) . At the 231 genera level RMs show an insignificant increase of Prevotella and a significant increase of 232 Lactobacillus with SIV infection (Fig. 2C) . Overall, while we noted differences in the changes of 233 some low abundance taxa associated with SIV infection, the major taxa we observed was largely 234 concordant with prior reports of the macaque microbiome at different facilities. Based on this, we 235 judged our RM dataset suitable for meaningful comparison with the SM microbiome. Nat. Commun. in press). Here, we tested if the microbiome in SMs and RMs, prior to infection, is 246 different and could potentially contribute to this differential phenotype. We compared the RM 247 (n=15) and SM (n=20) healthy control cohorts to examine for species differences. Bacterial species 248 richness of OTUs were statistically significantly higher in RMs in comparison to SMs represented 249 by the chao1 metric plot (p=0.042), and trended higher when assessed by the Shannon index 250 (p=0.055) ( Fig. 3A) ; this elevated richness in RMs is distinctly significant considering that the 251 majority of SMs in this cohort exhibited an outdoor-indoor lifestyle (n=15/20). This diversity was 252 reflected in the overall community structure, as SMs had a significantly higher proportion of 253 Firmicutes phyla (64.2% vs 53.4%, p <0.001). In SMs, the two predominant phyla, Firmicutes and 254 Bacteroidetes, accounted for 92.9% of taxa. Comparatively, uninfected RMs had a much more 255 polymicrobial phylogenetic distribution (Fig. 1C) , as only 78% of taxa were comprised of 256 Firmicutes and Bacteroidetes, and 9/15 RMs had greater than 20% of their community phyla 257 represented by Spirochaetes, Proteobacteria, and other less abundant microbes. The species 258 cohorts showed distinct beta diversity differences with increased dissimilarity represented by the 259 Bray-Curtis metric (Fig. 3B) . Interestingly, SMs had lower levels of Spirochaetes (p<0.001) and 260 Proteobacteria (p=0.059) relative to RMs (Fig. 3C) . SMs samples had significantly higher 261 abundance of Lactobacillus than RMs, but no significant difference for Prevotella abundance was 262 seen between the species (Fig. 3D) .
Diversity of the microbiome is higher in uninfected rhesus macaques relative to sooty
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The microbiome of RMs and SMs during chronic SIV infection is similar due to loss of taxa 265 in RMs. One of the hallmarks of lentiviral infection of natural host species is the lack of systemic 266 immune activation that is seen in pathogenic HIV/SIV infection. Here, we tested the hypothesis 267 that the natural host SMs maintain lower levels of microbial taxa associated with inflammatory 268 responses by direct comparison of the community composition with RMs during chronic infection. 269 We contrasted the fecal 16s rRNA profiles of 30 chronically SIV-infected SMs (>10 years (n=28),
270
>3 years (n=2)) SIV-infected SMs with 15 SIVmac239 infected RMs (38-51 d.p.i.). Unlike the 271 comparison of uninfected SMs with RMs, when comparing samples from infected animals, we 272 observed no major differences in the most abundant Firmicutes and Bacteroidetes phyla, nor any 273 significant differences at the family level ( Fig. 1A, 3C ). Likewise, there were no significant 274 differences in alpha diversity between SIV-infected SMs and RMs (Fig. 3A) . The cohorts were 275 not completely indistinguishable, as demonstrated by Bray-Curtis dissimilarity metric ( Fig. 3C) , 276 however the differences were more modest than contrasts of uninfected SMs and RMs. The lack 277 of a difference between SMs and RMs was due to a loss of taxa diversity in the SIV-infected RMs 278 relative to uninfected animals. When we compared individual taxa for differences, the levels of 279 Proteobacteria were found to be lower in RMs than in SMs, this result was the opposite trend of 280 that observed for uninfected animals (Fig. 3C) . Unlike most of the less abundant taxa, Spirochaetes 281 levels were retained in most RMs, and this taxa remained significantly higher compared to SMs ( Fig. 3C) . Based on reports of the importance of Lactobacillus and Prevotella to HIV infection, 283 we tested for differences between species, but observed no significant differences ( Fig. 3D) . 284 
286
Discussion.
288
This study represents the first comprehensive characterization of the gastrointestinal microbiome 289 in captive natural SIV host species sooty mangabeys (SM). We observed that chronic SIV infection infection; suggesting that these variables had minimal influence on microbiome variability either 403 prior to, or after SIV infection.
405
In this controlled diet-matched study, we report that the mucosal microbiome of SMs is comprised 406 of enriched levels of beneficial anti-inflammatory gastrointestinal bacteria, and lower levels of 407 inflammatory Proteobacteria, relative to non-natural host macaques. This difference in microbiota 408 may contribute to the resistance developing the chronic immune activation which is seen with 409 pathogenic infections. This study is the first to investigate the mucosal microbiome of the sooty 410 mangabey species during SIV infection. We also found that the bacterial community structure in 411 these species is highly stable after infection, likely reflecting the general health of the intestinal 
